\J

) RESEARCH &
|
=/ SYMPOSIUM 2017

BIUST Research and Innovation Symposium 2017 (RDAIS 2017)
Botswana International University of Science and Technology

Palapye, Botswana, 12-14 June 2017

ISSN: 2521-229X
ISBN: 978-99968-0-608-7

Company-Wide Data Integration Model for the Water
Utility Sector

Oarabile Sebubi, Otlhapile Dinakenyane, Dimane Mpoeleng
Department of Computer Science & Information Systems
Botswana International University of Science & Technology
Palapye, Botswana

Abstract— Data in the water utility sector are generated by
different tools of different types in different formats and stored in
different systems that run in different platforms and located in
different places. This limits the value-adding potential of data
thus posing a need for company-wide integrative approaches to
data management. Though data warehousing proves to be the
best solution in this regard, prior models reviewed in this paper
offer limited integrative capabilities with focus on unique
operational functions. Therefore, this paper advances a data
integration model designed according to Kimball’s Business
Dimensional Lifecycle methodology and comprising of the
processes of water abstraction, production, storage, distribution,
consumption, and the revenue and cost functions as well. The
paper aims at establishing the integration capabilities of data
integration across the value chain with a specific application to
Water Utilities Corporation Botswana (WUC).
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I INTRODUCTION

Data in organizations are produced and used by all business
and or operational functions, hence must be allowed to flow
freely across the entire ecosystem [1]. Conversely, most
organizations have vast amounts of data but find it difficult to
access and use it as it is in diverse formats, reside in diverse
files and database structures developed by different vendors,
and run on diverse platforms [2]. Studies show that due to data
disintegration, the water utility sector is limited in deriving
optimal value from their data [3], [4], [S], [6]. Thus, this sector
needs company-wide data management platforms capable of
meeting information needs at all managerial levels and that can
be achieved through data integration. Data integration pertains
to the exchange of information between systems regardless of
whether they are designed to work together and this involves
the collection, processing, and clearing of data from different
sources to generate a unified vision of those data [7]. Even
though data warehousing proves to be the best solution to data
disintegration, its adoption and use are limited across
enterprises [8]. Above that, data warehousing solutions with
focus on unique operational functions proves to be ineffective
in resolving problems spread across the value chain. Therefore,
this work is motivated by the current data integration needs,
coupled with the minimal adoption and application of data
warehousing and the minimal existence of formal researches on
the application of data warehousing in the water utility sector.
The objective of this paper is to explore the integration

potentials that can be leveraged in a data warehouse that
models water utility value chain with reference to WUC. The
development of the model followed Kimball’s Business
Dimensional Lifecycle in which data marts were created first
[9], modelled one at a time [10] and combined at the end to
create a single repository [9]. We present model requirements
in the form of value chain processes and corresponding data
views. We then integrate the business processes and data views
into a single repository model for company-wide data
management, viewing and analysis. Finally, we discuss
findings on the integration capabilities of the model. The rest of
the paper is organized as follows: section II overviews data
disintegration in the water utility sector from the global,
continental (Africa), and country (Botswana) perspectives.
Section III gives insights on the data integration platform
advanced in this paper, data warehousing. Section IV discusses
the proposed model in terms of methodology, conceptual
designs and model evaluation. Section V presents discussions
on findings. Finally, section VI draws conclusion on research
findings.

II. DATA DISINTEGRATION IN THE WATER UTILITY
SECTOR

Data disintegration is one of the major challenges facing
Botswana, Africa and the global water utility sector. In the
global water utility sector, data are generated and or stored in
diverse operational systems spread across the value chain such
as Hydraulic Modelling tools, Flow and Pressure meters,
Geographical Information Systems (GIS) and Schematic tools,
Acoustic sensors, Water Quality sensors, Pump Optimization
tools, Data Loggers, Supervisory Control and Data Acquisition
(SCADA) systems, Asset Management tools, Automatic Meter
Reading (AMR) and Advanced Metering Infrastructure (AMI)
tools, Leak Detection software, Alert Systems and Workforce
tools [11]. The water utility sector also make use of support
systems such as Human Resource Management systems,
Finance Management systems, Accounting Packages and other
back office applications that support daily operations [12].
These operational systems operate as silos, thus making it
difficult to summarize activities across business processes [10].
For instance, the strategic approach to data management and
modelling of raw surface water and drinking water systems
differ significantly as they are considered distinct operational
functions, thus making it difficult to integrate them for
comprehensive watershed decisions [13]. Also, although water
quantity and quality are inseparable, they are managed by
different authorities, thus creating numerous obstacles between
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water users and managers [14]. In addition, this sector uses
Enterprise Applications such as Enterprise Resource Planning
(ERP), Customer Relationship Management (CRM) and
Supply Chain Management (SCM) systems [15] that integrate
an organization’ business processes with those of its suppliers
and customers [16]. Though Enterprise Applications achieve
data integration, they are optimized for data input and
transaction processing rather than for reporting and analytics
[15], hence susceptible to the weaknesses of operational
systems. Moreover, the level of disintegration increases as data
grow ‘old’ and are archived for operational efficiency [17]. The
global water utility sector has come to realize that data
integration is crucial to its operations and sustenance and this
has given birth to global initiatives such as the United Nations’
Integrated Water Resources Management (IWRM) [18]. In its
deliberation on the current state of affairs, IWRM initiative
poses a need for processes’ integration across the entire water
utility value chain:

The traditional fragmented approach is no longer viable and
a more holistic approach to water management is essential.
This is the rationale for the Integrated Water Resources
Management (IWRM) approach that has now been accepted
internationally as the way forward for efficient, equitable and
sustainable development and management of the world's
limited water resources ... [4].

The continent of Africa is hard-hit by the global data
disintegration crisis. For instance, the Southern African
Development Committee (SADC) reports challenges such as
incompatible water resources data and information systems,
limited coverage and poor operation and maintenance of hydro-
meteorological networks between riparian states. Also, sharing
information and hydro-meteorological data between shared
watercourse states is constrained by technological diversity
among member states, diversity in terms of data and
information systems, and inaccessibility of relevant data and
information to stakeholders [6]. In particular, one of the main
stakeholders in the provision of water services in Botswana
(SADC member state), WUC, generates, stores and manages a
wide diversity of data currently distributed across various
manual and electronic systems, formats, platforms and
physical places. It is running on SAP ERP system for most of
its operational needs: Billing, Human Resource Management
(HRM), Material Management, Plant Maintenance, Customer
Relationship Management (CRM), Financial Management, and
Sales and Distribution. Instrumentation data and data on water
abstraction, production, storage and distribution is extracted
from source systems (SCADA, in most cases) into spreadsheets
for analysis and reporting. While data on production quantity is
generated mostly by telemetry systems, production quality data
is produced manually as a product of laboratory tests and
stored in a repository different and separate from that which
holds quantity data. Records of incidents such as pipe bursts
are recorded in SAP ERP system but most of the service data
are kept in paper forms. Water consumption data are collected
on monthly basis, in most cases manually and in some few
cases, electronically, through the use of Automatic Meter
Reading tools. Consumption data are stored in the Meter
Reading Management System, RouteMaster, which is built on
Microsoft.Net technology and runs on the Microsoft SQL
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Server platform [19]. Routemaster is in turn interfaced with the
Billing module which runs on the SAP platform. Some data
such as  hydro-meteorological,  socio-economic, and
demographic data are with external stakeholders and service
providers, and in social media platforms such as Facebook.
Moreover, WUC continuously archives ‘old’ data, meaning
that most of its historical data remain inactive. With this
diversity of disintegrated data, it becomes difficult to have a
holistic view of value chain operations. It is also difficult to
maximize value from the data asset. Therefore, a unifying
approach is needed in this sector to efficiently manage, validate
and present past and current data collected both internally and
externally from various devices in useful formats. This would
improve data access and usage and also optimize on the value-
adding potentials of data in this sector.

III. WHY DATA WAREHOUSING?

Data warchousing offers tremendous data integration
capabilities. This process involves data extraction from internal
and external source systems that represent diverse data
structures and technical platforms [20]. Thereafter, it undergoes
transformations and then loaded into a single repository for
ease of understanding, access, and use [2], [20]. Data
warehousing separates Online Analytical Processing (OLAP)
functions from Online Transactional Processing (OLTP)
functions [17] for optimal operational and analytic
performance. It also provides a platform for easy integration
and maintenance of current and historical data [17]. Despite
these potentials, previous reviewed models offer limited
capabilities due to specific focus on unique operational
functions. The Intelligent Asset Management system enables
effective management of asset criticality, asset identification
and hierarchy, cost assignment, general ledger reconciliation,
and reliability engineering [21]. On the basis of consumption,
revenue and cost data, the system built on a data warehouse by
Valor Waters (VW) initially addressed financial issues of
conservation, revenue risks and affordability. Valor Waters
analytic capabilities have evolved with time to support new
service offerings such as water cut off analyzer, handles water
cut-offs for non-paying customers; water rate simulator,
simulates water usage; hidden revenue locator, eliminates
water meter discrepancies; water energy nexus calculator,
calculates water energy usage, and hot water heater leak
detector which detects water heater leaks [22]. Data
warehousing has also been applied to help water utility
organizations maintain their immense water infrastructure
system by aiding in information analysis about water works
systems and determining the best ways to maximize
maintenance budget [23]. There is also an innovation where a
data warechouse serves as the foundation for District Meter
Area (DMA) flow meter data analysis system for detection of
bursts at the DMA level and generation of automated alerts in
response to abnormal flows [24]. To address the integration
limitations of process-specific data models, this paper proposes
data warehousing across the water utility value chain for
company-wide integration platform.
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A. Methodology

The proposed data warehousing model was constructed on
the basis of the water utility value chain processes of water
abstraction, production, storage, distribution and consumption.
Kimball’s Business Dimensional Lifecycle methodology was
adopted in the design of the model. The first activity in this
approach is the identification of information requirements and
associated business processes. The deliverable at the end of this
activity is a document called Data Warehouse Bus Matrix (see
figure 2), listing key business processes and some insights on
how they are to be analyzed. Then data marts, data models
representing individual operational functions, are built based

ISSN: 2521-229X
ISBN: 978-99968-0-608-7

B. Model Designs

The first data mart, water abstraction integrates water
abstraction quantity metrics with water resource parameter
metrics (i.e. dam level), supply parameter metrics (contractual
supply volumes) and water abstraction costs. The second data
mart, water production integrates production quantity with
quality and costs. The third data mart, water storage unifies
production site metrics with distribution/reservoir site metrics
and storage costs. The fourth data mart, water distribution
combines distribution parameters with the different distribution
functions (zone supply, pipe bursts, water balance), and
distribution costs. The fifth data mart, consumption integrates

Data Bus Architecture

Water Utility Data Warehouse Value Chain Matrix

| COMMON DIMENSIONS

a}’@ e o& ’?s & &z&‘
Value Chain Process ‘s 4?0 ;90 Z e 4:"4& - f «& 0&3 c&y \,@“' & i
o 5 B e s S S S S oS S
S S E S E S EE S E GG
water abstraction x| e x x x x| x x x
water prod x | x X X X x | x x| x
water storage > LA X X X X x | x X
water distributi x | x x | x| x X X | x b4
water X X | x X X | x| x X X
value chain profit x x X X X

Figure 2: Proposed Bus Matrix for WUC

on the matrix, one at a time and integrated with the addition of
each data mart, with the last one completing the development
of the data warehouse [9]. This approach uses dimensionality
modelling; a logical design technique that maps aspects of
business/operational processes [25] and presents data in a
standard, intuitive form for high-performance access [9]. In this
research, information requirements and associated business
processes were identified through literature reviews,
unstructured interviews and observations, and deducted for
requirements specification, outlined in the data warehouse bus
matrix in figure 2.
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the sixth data mart, value chain profit integrates revenues and
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value chain. Relationship links represent data marts’
consolidation through shared dimensions and this involves
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Figure 3: Proposed Integration Cube for WUC
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in figure 3 in which measures and dimensions across the value
chain are contained in one cube. This data architecture enables
water performance to be viewed holistically across the value
chain.

C. Model Evaluation

The model was evaluated according to the software testing
process encompassing process verification and validation.
Verification determines that a system meets the specified
requirements while validation evaluates that a system attains its
intended use when placed in the intended environment [26]. In
process verification, the logical designs were interpreted to
WUC participants for evaluation of their correctness in
representing water utility value chain and necessary
adjustments were made. In process validation, a test case in the
form of multidimensional query was developed and run on the
integration cube in figure 3. This test case which represents

enables tracking of relationships between water abstraction
metrics, supply parameter metrics, water resource parameter
metrics and resultant costs at a diversity of 10 analytic views.
Water production integration model provides a platform for
tracking and analyzing production quantity in relation to
quality and costs at a dynamicity of 10 data views also. Water
storage integration enables the flow of water to be tracked
between the production site and distribution/reservoir site as
well as the resulting costs at 10 multi-angle views. With water
distribution integration, zone supply metrics may be viewed in
relation to the set distribution parameters, pipe bursts and
distribution costs metrics at a diversity of 11 analytic angles.
Integrating the water consumption function enables meter
reading, billing and resulting costs to be analyzed at a diversity
of 10 analytic angles. Finally, the integration of value chain
revenues and costs provides a platform for profitability analysis

monthly abstraction, production, storage, distribution and ~ at 6 various angles. In overall, the data warchouse model

consumption costs in a given rain season, screened by cost ~ represents a company-wide integration model with 22
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Figure 4: Integration Test Case Illustration

item, operating expense, office (customer service center/water
works station/reservoir site), area, and management center is
illustrated in figure 4.

dimensional views. For instance, figure 4 demonstrates costs
across the value chain under a diversity of data views. Water
quantity may also be traced from the beginning process of
water abstraction to the end process of consumption, thus
giving a complete picture of what happens to water as it
traverses the network. Tracing water volumes from the
beginning to the end of the value chain may aid in addressing
the issue of water loss/non-revenue water. Water loss may be
tracked along the value chain to identify processes with high or
ow water losses in relation to diverse dimensional attributes.
The differences in those losses may also be accounted for in
terms of the dimensional variations represented by the model.
Tracing water quantity flows along the value chain may also
aid in computing the water balance statement to account for

V.  FINDINGS AND DISCUSSIONS

We found out that the proposed model provides a
platform for maximal integration of data at individual
operational functions (represented by data mart models) and at
the corporate level (represented by the data warehouse model).
Each data mart has one or more schemas (individual schemas
represent integration of individual sub-functional operations
within an operational function) connected through shared
dimensions for holistic integration of operational processes
modelled by the data mart. Water abstraction integration model
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water usage given the system input volume at a given time and
other dimensional variations. Moreover, this model enables
water quality to be traced alongside water quantity from water
inlet (pre-treatment stage) through the different water
processing stages and distribution networks to identify specific
places of high or low infection risks.

VI. CONCLUSION

The data warchouse that models the value chain has the
capability to turn the water utility sector aspirations of water
management efficiency from being an abstract concept to
reality. This model provides a platform for optimal data
integration at both the data mart and warehouse levels to create
a single version of truth that spans the water utility value chain.
This model enables data in social media platforms and that
with external stakeholders and service providers to be
combined with internal data in operational systems, archival
storages and physical files, thus, ensuring that all data across
the value chain remain active and contribute its value to the
information needs of the organization. This process-based data
model guarantees stability in dynamism as it is more adaptive
to constant adjustments to information needs compared to a
data warehouse model designed to address specific information
needs at a specific time. The unstable information needs may
then be plugged into the model which offers flexibility to easily
adjust to the constantly changing information requirements
without having to rebuild the data warehouse structure or with
minor alterations to existing architecture. Therefore, the model
provides a  better foundation for company-wide
implementations such as balanced score cards. However, for a
complete view of water utility operational performance, waste
water processes also need to be integrated into the model.
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